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ABSTRACT : 

PURPOSE: To shorten the sintering time remarkably by 
loading more than one 

kind of laminar material powder, selected from a silicon- 
germanium based 

material, an iron-silicide based material, a lead-tellurium 

based material and 

a bismuth-tellurium based material, into a reaction tube 

and then subjecting 

the material powder to sintering. 

CONSTITUTION: A mold having strength high enough to 
withstand the sintering 

conditions of conductive carbon or carbide is employed in a 
PAS system. More 

than one kind of laminar material powder is loaded into a 
carbon die 1 

constituting the PAS system and then subjected to plasma 
sintering thus 

producing a thermoelectric conversion material efficiently 
through a simplified 
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process. In other words, molding and sintering can be 
effected simultaneously, 

especially at a temperature lower than the melting point, 
by simply loading the 

material powder in layer into the reaction tube (A) . This 

method allows 

remarkable shortening of the sintering time to lOmin or 

thereabout thus 

realizing effective thermoelectric conversion from low 
temperature region to 
high temperature region. 
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- fii^/i^mm^^i^mimtz^^^j: < 1 1 2 am±*^ 

°C. E^Jl 0 0-10,000 kg f/cm2 Rt/X^m 
JKl--5 0 0kW/cm3 X''rioZti:W&it-tim 

[0001] 
[0002] 

~ f-zl^^L-if^^ ^ <07cl^*>ffl-^^5 § fifzM' 4> =5: 

^m^it. ^ixmff)^mmx'm±<7)mmm^^ 

X'^^M-ri,ZtiiX^^j:\\ !t#^Bg5 2-4 7 

6 7 7^t&l8(C(i. FeSj2 

HBg 59-14338 3-^i^|gtl±. Itt-T^yP/l-iKcTj^ 
LX . 64-37456 -f-^A^ISiCJi . t" 

TJijv7k(Dm4^m t ^-s tix v ^ 

•s. §A>tc. ^m^^m:i^^^/\^^-^mAtbx<m 
mimmmj mmmmmn^, mi imv-^^i^ 
3 >yr) ui. ^n.^mmt ix. ±.Bi^uay-y 

-y^^Xcom^m^tiXi^i , Li}-L, Zix(>(Dm^ 

^mfSjmcomj^jiK -eiim^^S/tfet. z 
mii^f.z^(,tLX\>^^\,\ 

[0003] 

immmmirzut^i^m] ^zx\ *%bm^,j±, 
*^i^^j:^m-\<Dm-^iuzxim^immcommijmiz 
izx^'^mi. Rmiz}dx^mx'xm^mmti-h 

Ztm-^. 'fibmi-lZt^j:<TyX'7mm-ri>Z 

t^zx-^x. jmmmi±mizmiti z t ^x-^ h t 
mz. ^m:^mA^:m-^iti-i>zti}^T^. @wt 
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tmm'^mmimmmz%(,tii zt^^^nLtz. 

:^%miii}^i}-^h^mzmux^ Ltzh(7)X'h^. -t^: 

mm. m^o^^ vmm. i'^-Ti\^fimmm\:: 
ij^i^Kch^mm^^mmzmxL. ix\>^x\ ryx-? 

■t?}h<DX'h^. 

[ 0 0 0 4 ] 5t^. :^m<7ymmizii\>^x . 
10 mmmhcriizm^iihm^^tLxii. i^ua 

y-irjU-?~^A ( S i - Ge ) mm. m'^'W h' 
(Fe-S i ) mm. fo^-r/WK Pb-Te ) ^ff 

m^/t'xvx-r/^;^ ( b i -Te ) mfWm^i^ 
ni). zzx\ '^v^y-yi^-^-^yj^mntix 
(i. mm. vur3yRt/^r';pvii»>Atom**»^^i. 

S)I.V^{i, Si 0.6-0. 4 Geo. 4-0. 6 5- 
a^-^tSi: -r-g. S i - G e mm. S i 8 0 G e 

20, SiBoGezo (Ga P ) o. oi#-C'^^§fll.-^«7)^ 
i/l4,0Si-Gei^ttm. 80 0 
20 M.3 0 0*CWiaj^l^{Z|%IHitg?:q&tl., tfz. f^i^ 
<J^-! mm^tLXli. Fei-« SilWx (x=0.O 
2M).20, M = Co. Mn, Cr) Sr^^c-i-tSh-ri. 
Fe-S i J^|tf4- f^UJi'. Feo.95Si2 C 00.05, 
F e 0. 92 S i 2. 00 M n D. osm'^^ith i 3 tc^^cof^ 
Mmfhtih. Ztii^COFe-Simma. 700 

■^8oo'c<r)is.mi^zm.m^itth. ^ix. is- 

T/I^yl^i^Mt^i: LTli. PbTe^«*#fSi:-rSPb 
-Temm. mm. PhTe. (PbTe)o.997 
Nao. 0 03 , (PbTe) o.99Nao.oK (PbTe) 

30 0. 9997 Pb.Io.D 003 , ( P b T e ) 0. 9 99 P b 

1 0.001 . (PbTe) 0.75 (SnTe) o.25^t-S^§ 
ii^Xo^j:'^^mmmf^ti^, Zixt^cr)Ph-T 

e mma . 2 0 0-700 'ccom.m^z^v.'mi^ 
-rs, ^i^iz. t'x-^x-Tfu/i^mmtixii. (b 

i2 Te3)i-. (Sb2 Tea), , (Biz Tea)]-, 
(B i2 Se3)i X«i (B i2 Te3)i-(«.y) (Sba 
Tea). (BiiSes). B i -Te 

mmA^m. mm. Bi2 Tea , Bi2 Te2.7 S 
eo.3 , Bio. 5 Sbi.6 Tea ^t'^SilS i 3=5:-^ 

40 ^mmmf htih. ztiiocryB i -T Q mm\± . 

0-2 0 0'CiOfflgJ^t|imSg^Wtl>, Ztl(^<D^ 

^mt. ^mzi5\^x. ^ti^ixm.x'm^^xhx<. 

tfz. 2SU±2rffl-^b-frTfflUTtJ:v\ 

[0005] ^%mzii\^x^i. ms.mmzms.Y- 

V>. ZZT. msimMzWL-^^^Ztif^X'^hY-f-^ 

yhtLXM. mm. B^m. mm. t^u 
s-n^A, ^by^A, ;*'u^A, uy. ~^yily. a 

50 C:ix^>cOH->N-yhSrMv^S^t(i:, ilEOK-yN-y 
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/^to<im^*ti. m^hi^-^iizti^<r)fmz¥-j'< j^mm, ^'^v-^^ mmA, m-T)U)ummRtf 
^zt izm^ I . m^iii, , zti(:>mm ?>\-^iiz lo li. ^ii^tii:mmmzmi$.^ti^ i a tc«tt(csj!Esi 

miizhfz'^xii, w.-^bmmmmzfromvi^ ■ xBmi-tm-^^t^ixtzm^mmm^izk 

i^-^izx-^x'iiot^mmThh. zmfm^co^ tfixti. mfAm^MmzKmiHizxti6i,zhfz 

m ■ m-^izxnx. m:mizti^^xmm^iix\.^fz^ -^xa. mmcomm^m^^&f^m^tLhx^ iz. a 

mizbij^x'^. mmjM^zkmz^mtthzti)^ ^j:<ti:>2m&.±.t^(,Kf:hmfmMim^^i>zki,zi:'^ 

x'^ h . zffimvt^ • -R-^wz-^xM. wi-^ ■ mm X. 2'-Ammmzmx^ixt, -e lx. m^mmi> 

n'^i<zmm^hzt\,zi:-^xm<rii^-'W,-^mm Wi.mz-^\^x\i. m\,zmm^ix^j:\^tK aw^^ 
=f-m^(:>[zfh^<t^ztt^X'%h. set, mvi^- 20 i^^)ay-y)v^-^i.mm, ^'y^mv 

u-^^zi:h)<t-:f}>vru^yymk^zi:'>x. rn^cn imm, m-T)V)Vjmf-\R-{f^x-7x-^)V)v^mn 

w.-^m.m^'kim.L. mm<r>mmmw^^iSL^^ (nwAzmmzmx-thcoti^m^Lw mm^xu. m 
tzb m-t h , m-ti><r)[z9tiL-^xw-.fm^^mm'hti\ 

[0007] z<nm^ ■ mwm mz:^uxit. Mfm^iKim^z^xK^^mxx 

mm, =Jx 7 hmm. i^^mmmmm^tmi <. mzf$.mmco^mmb^j:^\ -rtth-h. mmx 

mmznomzx-yxno zt¥X'^ ^. zti^^cn^ ts, Enm^^mtiiza. ^Ehh^^^m^. m 

^^^^-/\^^}\^^m-ttzti}<m Li\ ttz. ii^ mmm^zi: 'o^mi-mmzmBfS.mLx^.^tzi}^. 

i^cry^mii. ^hi^Mm^cr>\,^-rtLX'hJ:< . mi :^%mxi±z(DmTm^m-t6zti}'!x-'^ . mmn 

ji^y^^y-mcorn^a-)]^,. ^^^y. irhy^ tis. ryx^m^mmi^zX'^xmBbmsimmz'n 

t'co^mmm'^:^ii^^ym^j: tim^^x-no z t ozt mmt-r^ i> oixhh, 

% h , Ztii^(7^iR-^mmii. M^. 1 - 5 i U U 'y h/i- [ O O l O ] micoryX-^^mmH. mEc^mM 

«0}g-^:ft^M-&B$S(i. i^^^ • ?g-^f^Sj^5(sill4«T*li ^mi^(Dy^mii':^'^-^mx'P. milt. TJizf 

¥4S*^'0.0 l~2 0 0;Ltm. i(gF*L<{iO. 1~10 0a£ y, gS, $)|.v^{4iiiio<7)ig^;ifx^c7)#HMT^'5> 

^■ig-^ii, mn. 3-2 0mm^c7)^-;k^5 0~3 ^, mitlftlJ; OaSSfl^S^l-g.*^'. il^(i3 5 0~ 

00f@2rjSV\ 200M.600rpm, 30;})— 1 0 1, 3 0 0°C, #?S L< {±3 5 0-1, 0 0 0°CO®HTlf 
OB^fSTlfi^ni. . ZZX\ mmJH<^nm^2 O O w 40 d ^ fcA^'-C-^ l . A>3&^^^|gf-^aSl3|tML;^cm. 

mS:Siti>t. fejH4cof£T^Jsi=if^L<^rv\ t m^m&m's^mix. mmxmti>ztiz 
mzi-nm$^±ff)ai^^)V^~nmL. -e^^x^N/u i^ffi:>]{±, i o o~io, o o o k g f /c , 

^-mmcoWHzli. ^tl^Z^^omtco\ti±l±M.i^tl Wt L<{4, l, 500~6,000kg f/c m2 "C, * 
■f. LJ^^A^-?-C0.Ol~2OO//mgJST+^Tj)l., A:']?^^ 1~5 0 0 kW/c m3 ,if*L<lilO 

[00083 ttz. *^BBti3V\r. /I^e}5fStLT -200kW/cm3 t'ji^^^lS. Z<7iryX-?jm 

^f^, tinBws^^^^i'Mim*^ FWN-y ht*^^> nmxii. xiimf^i 1-5 o o kw/c m3 b-ri,z 

^j:m'^m^±^tlfzfJi^i:m^^^Zti}^X'^^. Z b^zX-^X. ^+^o^'yhcoi&\>^m^lzX^. 2,0 0 

co^^^tLrzmmi±. mMicom3\^hh^^im^b h 0 k g f /c m2 u^crME:hTX'^mL. mmmi^ 



[0006] ^^mcD^m^mm<7immzhfz->x 



f^MiM.mnmbLxm^^izbi>x^h, 
[ 0 0 0 9 ] :^^mcomimxi±. 
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[0011] i^^mt'it. mti<r>^mmm^immzBL 

{i, Ell t*-tJ;-5^PAS (Plazma Activat 

ed Sintering) SM2:fflV^^^tAiT-^|>, AS 

OOmm^gJiCT)^ (ftff^^^WISc7)tcoT'tJ:VO 10 

Si-Ge^W^, Fe-Si2^W4, Pb-Te^ff 

^Etsy B i - T e mmimzmfm^immzmx 

<m.^mm-\&mmi-^zti)<x^i>, m2ii. si 
-Gemm, Fe-simm. Ph-remfm 
ye i -TemmAi}-i^^j:i4mmmm^m^m 

^1 5 - 2 0 m m^7Dtt««^^^€^m^^r4^^#l. i t 

x'^i, ^mx'i±, mm^^Mmzmmiz^A 
-rimx. mzmj^nrmmtm^^miz^iioz 

X, mmmii. i ommt. lami^zit^xmm 
m^mzmtiztt^xt. ^^i±mz\^±$ 
^hut ifix'% , i < m^^mm^m ztifix- 

[0 0 12] ^<r)X^f.Z. i^^m^ZX-yXnihtl^^M 

^mm. mvf^ ■ m.-^^ixfzwMvmim\^^ i . * 30 

V.e. {%) = C (Th -Tc ) /Th ] 

fit. Th : iSfflffiffl^ (K ) . Tc : (KiSSSfiJg 
(K) 

M= ( l+ZTj ) , Ti im-^mm. (K) 
Z i^mm) = {a^ ■ a) /fc, a : ^-Ky9^ 
ia(V/K) 

cs : m-i) . a: : ifefiJ^* (W/mK ) 

[00 14] Jt^Ml 

Amnm.m^t Lfzmii. mmmimm\.zL^ 
^ I 



= mvi^ • J: -ox^mmm-iz^^^nmi 

m^mi^tmz. m^com^a^'^^-ti'mrn't 
;^^igi.^t^<. ryX'7m{zX'>x^mmmM 
m Lfzmmmm ^ t , wmmmmM uz 

iSXS*<±1iC®B&^l:§n. Li-hy-yX-^m^zi:*) 

mmmx'mi-?>^ti}<x'^. mnmi>z^txfzmm^ 
mfmmz^mx < MJtf I. ; t **T'^ I. . 

[00 13 3 

^t-r. ^l^(-S^-rAai/B^7)«tc^|,j;^t:#l!;^* 

im^ 1 5 0 Atm ) 1 0 og \,z:l9j-)v^ 1 5 y 

glOmrnXSOfS) tt. SOOrpm, 20^^. 

fti^?^ • '^-^rii-^fz. \%\.^x. mm ■ m^Ltzm . 
-ixizi : ico^^ttx'Ati. 7>uzfym&^. m^\^ 

-^'jSJgS 3 0°C. ffi:^j700kgf/cm2 . A:^3?r^ 

jg6. 3 kw/c m3 xii^i omyyx^mm'> 
fz, %e>tifzm-^mmii^»Mmii:mmz}p 

t, 'Sris, Sftli^i: LT^pS*il.^ia5&$ (77) ti. 

< C (M-l ) / (M + To /Th ) D 

14^^3lfetc^-t. 
itWJ2 

B<7)mimm^t itzma. mmmi tmm^zi 
xryx^mm^-^t:. '<%(>iitzm^mmmn.n 

[0015] 
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1! 
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(B i z T e,)o. ,5 (S b« T e a)o. as+Sb 5% 


B 


P 


PbTe + Na 0. 1 



[0016] ^tfefiaj2 Aixv^t-. Mm ■ u^uzm^mmii. ij-if^y^A 

%2mXZTrs-tC-m\iCr)m,\Ztj:hl'y\,Z'^W^ X\ZA : 1 KD^-^itX'XtL. 7"5Xv^^l, 1 5 0 
Srfffit, l^.fmmmmifz, ^(DCmDco^WM °C, E:>]Sr7 0 0kgf/cm2 , Xljm^^lb.lk 
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[0018] 
1^2] 
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Feo. tiCoo.osS iz. 00 
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S i 0. ToG e 0. 30 



[00 19] 
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(°C) 


(°C) 


(%) 


mmmi 


2 5 


5 2 7 


I 2. 1 




2 5 


5 2 7 


4. 8 


itm\2 


2 2 7 


5 2 7 


6. 7 


mmmz 


5 2 7 


10 2 7 


6. 2 




2 2 7 


8 0 0 


3. 1 




6 2 7 


10 2 7 


5. 9 



[0020] 

-Gemm. Fe-simm, Pb-Temn& 
tizcfco. mmii}>i^misMtx'<r>m^izm.%:^^ 

(z. tf::mmm^nM^xiiizmmi-i:iti<x'^^. 



* [01] *^BB(^S^3t*atcfcl^T. ryX^mi 
[02 ] W^OSg3t:^-at::J: -^■C^f 

cr)m-^m,^mtimcr)-m?:^tmx'hi. 
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